1. Introduction {#sec1-jcm-08-01937}
===============

Mild cognitive impairment (MCI) is a transitional state of cognition between normal ageing and dementia that may progress to dementia. MCI is defined by subjective or objective evidence of cognitive decline greater than expected for the individual's age and education level but that does not interfere notably with activities of daily life, and the early detection and prevention of MCI are a challenge to prevent dementia in older adults \[[@B1-jcm-08-01937]\]. Within established processes for making a diagnosis of MCI \[[@B2-jcm-08-01937]\], some factors in its early detection remain unclear, as well as predictors of reversion from MCI to normal cognition. Differences between individuals without MCI and those with MCI have been studied and reported, which shows that many factors such as a lack of exercise \[[@B3-jcm-08-01937]\], cerebrovascular factors \[[@B4-jcm-08-01937]\], and anxiety \[[@B5-jcm-08-01937]\] affect cognitive function. Especially, it is appreciated that cognitive and physical impairments in older adults are related through shared pathophysiological mechanisms \[[@B6-jcm-08-01937]\]. Some studies show that older adults with MCI compared to individuals without MCI perform more poorly not just on neurocognitive performance, but also on complex motor and psychomotor domains \[[@B7-jcm-08-01937],[@B8-jcm-08-01937],[@B9-jcm-08-01937]\], and exhibit greater gait impairment \[[@B10-jcm-08-01937],[@B11-jcm-08-01937],[@B12-jcm-08-01937],[@B13-jcm-08-01937],[@B14-jcm-08-01937]\]. Recently, it has become clear that MCI and physical frailty are related. The physical phenotype of frailty is represented by low levels of lean body mass, muscle strength, gait performance, physical activity, and exhaustion \[[@B15-jcm-08-01937]\]. Gait performance of the frailty is associated with cognitive decline and MCI conversion to AD as reported by \[[@B9-jcm-08-01937],[@B16-jcm-08-01937]\]. Therefore, investigating close associations between MCI and physical function has important implications for improving diagnostic acuity of MCI and targeting interventions to prevent dementia and disability among older adults.

To clarify the dementia risk associated with MCI or early stage dementia, a nationwide clinical registry called the Organized Registration for the Assessment of dementia on Nationwide General consortium toward Effective treatment (ORANGE) is ongoing in Japan \[[@B17-jcm-08-01937]\]. The recruitment of many registrants has been in progress in several regions of Japan from 2017, and we performed an extending preclinical trial in a cohort in northern Japan up to 2019. As is well known, gradual growth of the older population has been experienced in Japan. Especially, northern rural areas in Japan (Akita prefecture) are the most super-aging society in the world (e.g., the number of individuals over aged 75 in Akita is estimated to reach 205,000 people by 2025 \[[@B18-jcm-08-01937]\]). Although there are few epidemiological data regarding MCI in rural areas of Japan, several studies have reported MCI profiles in older adults \[[@B19-jcm-08-01937],[@B20-jcm-08-01937]\]. Most of them are focused on the prevalence of MCI or the conversion rate to dementia, and the detailed cognitive profile (e.g., attention, executive function, information coding skill, etc.) of MCI is not covered, as well as scarce epidemiological data regarding health-related variables such as physical performance and mental status. Therefore, we analyzed the data of a prospective cohort in northern Japan. In this study, we investigated which factors were related to MCI status according to the National Center for Geriatrics and Gerontology Functional Assessment Tool (NCGG-FAT) \[[@B21-jcm-08-01937],[@B22-jcm-08-01937]\] and the Touch panel-type Dementia Assessment Scale (TDAS) \[[@B23-jcm-08-01937],[@B24-jcm-08-01937]\] based on the Alzheimer's disease assessment scale (ADAS) \[[@B25-jcm-08-01937]\]. To clarify the characteristics of rural older adults with MCI, we focused on three points as follows. First, we mainly compared cognitive function, physical performance, and depressive symptoms in MCI individuals with those in non-MCI individuals. Second, we examined correlations between physical performance and cognitive and mental function in each group (i.e., non-MCI group and MCI group). Finally, a binomial logistic regression model was estimated to determine predictive factors for MCI in rural older adults in Japan.

2. Experimental Section {#sec2-jcm-08-01937}
=======================

2.1. Participants and Study Design {#sec2dot1-jcm-08-01937}
----------------------------------

The participants were recruited in a rural area in Akita with a small population (total 32,440) with a super-aged rate of 38.7% according to public information, from 2018 to 2019. The inclusion criteria were age 65 years and over, having walking ability without personal assistance, and living at home. The exclusion criteria were dementia, major depression, severe hearing or visual impairment, stroke, Parkinson's disease, other neurological disease, intellectual disability, need for support or care as certified by the Japanese public long-term care insurance system due to disability, and inability to complete cognitive tests at the baseline assessment. The study was approved by the ethics committee of the Faculty of Medicine, Akita University (approval No. 1649) and was performed in accordance with the Declaration of Helsinki II. Informed consent was obtained from all participants. According to sample size calculations using G\*Power for unpaired *t* test \[[@B26-jcm-08-01937]\], we estimated a sample size of 64 participants per group to detect a clinically significant effect with α = 0.05, power = 80%, and effect size = 0.50.

2.2. Assessment and Outcome {#sec2dot2-jcm-08-01937}
---------------------------

After obtaining informed consent from each participant, demographics (age, gender, and education) and health variables (body mass index (BMI), medical history of hypertension and diabetes, frail phenotype, medication and Geriatric Depression Scale-15 (GDS)) were collected according to the ORANGE protocol. A questionnaire sent in advance by mail was self-described by each participant, including age, gender, educational duration, presence of hypertension and diabetes (e.g., yes or no), amount of medications, and GDS (e.g., score range from 0 to 15, as indexed more depressive symptoms in higher scores). Height and weight to calculate BMI were measured by public health nurses. Five components of the National Center for Geriatrics and Gerontology-Study of Geriatric Syndromes (NCGG-SGS) \[[@B27-jcm-08-01937]\] based on the Fried frailty index \[[@B15-jcm-08-01937]\] were applied to assess frailty: (i) self-reported unintentional weight loss (i.e., a decrease of 2--3 kg over six months \[[@B28-jcm-08-01937]\]), (ii) self-reported exhaustion (i.e., presence of fatigue for two weeks \[[@B28-jcm-08-01937]\]), (iii) self-reported low physical activity (i.e., no exercise habit for a week \[[@B29-jcm-08-01937]\]), (iv) weakness (i.e., grip strength (GS) less than 26/18 kg for male/female \[[@B30-jcm-08-01937]\]): GS was measured using a Smedley-type handheld dynamometer (GRIP-D; Takei Ltd., Niigata, Japan), and (v) slow walking speed (WS) (i.e., less than 1.0 m/s in 5 m walking test \[[@B29-jcm-08-01937]\]): walking time was measured over a 2.4-m distance in seconds using infrared sensors and participants' WS (m/s) was calculated. They were used to define robust (score of zero), pre-frail (score of 1 to 2), and frail (score of 3 to 5). The frail index of NCGG-SGS is almost equal to the original index of Fried's study \[[@B15-jcm-08-01937]\] except the modified cut-off values for slowness and weakness are appropriate criteria for physical frailty assessments in the Japanese older population \[[@B31-jcm-08-01937],[@B32-jcm-08-01937]\]. The present study also applied NCGG-FAT and TDAS based on ADAS to assess cognitive function in the participants and to divide the participants into non-MCI and MCI groups. All the variables of five frail components, the NCGG-FAT and TDAS were evaluated by trained public health nurses throughout a comprehensive health checkup in a local spot.

2.3. Components of NCGG-FAT {#sec2dot3-jcm-08-01937}
---------------------------

The computerized multidimensional neurocognitive test was performed on an iPad (Apple, Cupertino, CA, USA) with a 9.7-inch touch display. The task instructions were presented with a letter size of at least 1.0 × 1.0 cm^2^ on the display. For this study, a trained operator supported each participant by setting up the tablet PC and running each test. Participants completed the NCGG-FAT subtests as follows.

### 2.3.1. Tablet Version of Word Recognition (WR) {#sec2dot3dot1-jcm-08-01937}

This test is comprised of two computerized tasks of immediate recognition and delayed recall. In the first task of immediate recognition, participants were instructed to memorize 10 words, each of which was displayed for 2 s on the tablet PC. After that, a total of 30 words including 10 target and 20 distracter words were shown to participants, and they were required to select the 10 target words immediately. This task was repeated for three trials. The average number of correct answers was recorded as a score ranging from 0 to 10. In another task, participants were asked to correctly recall the 10 target words after 20 min. The number of correctly recalled target words was scored ranging from 0 to 10. Finally, we calculated the sum score of the two tasks of immediate recognition and delayed recall.

### 2.3.2. Tablet Version of Trail Making Test Version A (TMT-A) and Version B (TMT-B) {#sec2dot3dot2-jcm-08-01937}

In the Trail Making Test Version A (TMT-A) task, participants were instructed to touch the target numbers in a sequence as rapidly as possible. Target numbers from 1 to 15 were randomly displayed on the tablet panel. In addition, the Trail Making Test Version B (TMT-B) instructions required participants to touch target numbers (e.g., 1--15) and letters in turn. The required time (seconds) to complete each task was recorded, within a maximum time of 90 s.

### 2.3.3. Tablet Version of Symbol Digit Substitution Task (SDST) {#sec2dot3dot3-jcm-08-01937}

In the Symbol Digit Substitution Task (SDST), nine pairs of numbers and symbols were shown in the upper part of the tablet display. A target symbol was shown in the center of the tablet panel, and selectable numbers were displayed at the bottom. Participants were asked to touch the number corresponding to the target symbol shown in the central part of the tablet display as rapidly as possible. The number of correct numbers within 90 s was recorded.

2.4. Components of TDAS {#sec2dot4-jcm-08-01937}
-----------------------

The TDAS test was presented on a 14-inch touch panel display. The TDAS subtests consisted of seven of the ADAS-cog test items (11 test items) and two other tasks. Participants were instructed verbally or visually by the computer to complete the TDAS subtests as follows.

### 2.4.1. WR {#sec2dot4dot1-jcm-08-01937}

The WR test was a computerized test based on the WR task of ADAS-cog. At the start of instructions for this task, 12 target words were individually presented on the display for 3 s each at 2 s intervals. After demonstrating the target words, the computer randomly displayed 24 words consisting of 12 target words and 12 non-target words. Participants were then instructed to respond by touching the displayed button of 'yes', 'no', or 'unknown' in response to the question regarding whether the word had been shown previously. Participants completed the trial three times. The total number of incorrect responses for three trials was recorded, with a maximum score of 72.

### 2.4.2. Following a Command {#sec2dot4dot2-jcm-08-01937}

This task was modified from the command task of ADAS-cog. The computer presented 10 selectable icons labelled from 0 to 9 and then required participants to touch the number specified. The number of incorrect responses in two trials was scored with a maximum score of 2.

### 2.4.3. Orientation {#sec2dot4dot3-jcm-08-01937}

This task was based on the orientation task of ADAS-cog. The computer displayed four screens in sequence. On each screen, participants were asked to touch selectable icons and answer what year, month, day, and weekday it is. The number of incorrect responses was scored with a maximum score of 4.

### 2.4.4. Visual-Spatial Perception {#sec2dot4dot4-jcm-08-01937}

This task was modified from the constructional praxis task of ADAS-cog to evaluate visual-spatial perception. ADAS-cog requires subjects to copy the geometric forms presented. The computer first presented four screens displaying a target geometric form (i.e., a square, rhombus, cube, or triangular prism) for 5 s each. Participants were then required to correctly select the target form in response to a question task including the target form and four non-target forms. The number of incorrect responses was scored with a maximum score of 4.

### 2.4.5. Naming Fingers {#sec2dot4dot5-jcm-08-01937}

This test assessed whether participants can name the fingers correctly, using the protocol of ADAS-cog. Participants were asked to correctly respond to a picture question of a hand marked with a red circle, by touching an icon labelled with the five finger names. An incorrect response was scored as one point, with a maximum score of 5.

### 2.4.6. Object Recognition {#sec2dot4dot6-jcm-08-01937}

This task was based on the naming objects task of ADAS-cog. Participants were instructed to touch the correct usage icon (e.g., a pair of scissors, comb or broom) of five selectable icons labelled with the purpose of usage. Three trials were completed, and an incorrect response was scored as one point (maximum score = 3).

### 2.4.7. Accuracy of Order of a Process {#sec2dot4dot7-jcm-08-01937}

This task was modified from the ideational praxis of ADAS-cog. The computer displayed seven icons labelled randomly with seven actions. Participants were asked to correctly touch the icons in order. The number of incorrect responses was recorded, with a maximum score of 5.

### 2.4.8. Money Calculation {#sec2dot4dot8-jcm-08-01937}

This task assessed the money calculation ability of each participant. Participants needed to combine coins equal to an amount of money from various denominations of coins displayed on the screen. Three trials were completed, and an incorrect response was scored as one point (maximum score = 3).

### 2.4.9. Clock Time Recognition {#sec2dot4dot9-jcm-08-01937}

This task included three kinds of question regarding clock time recognition. Participants were instructed to correctly state the time shown on a clock displayed on the screen. The number of incorrect responses was recorded, with a maximum score of 3.

2.5. MCI Classification by NCGG-FAT and TDAS {#sec2dot5-jcm-08-01937}
--------------------------------------------

According to Petersen's report \[[@B2-jcm-08-01937]\] in which individuals who showed cognitive impairment but were independent in activities of daily living were defined as having MCI, we applied MCI classification according to the cutoff point of NCGG-FAT or TDAS. For all cognitive subtests of NCGG-FAT, the standardized threshold in each corresponding domain for defining impairment in Japanese population-based cohorts consisting of older community-dwellers is a score more than 1.5 standard deviations (SD) below the age- and education-specific mean \[[@B21-jcm-08-01937]\]. In TDAS, decreasing scores indicate cognitive improvement (range of scores from 0 to 101), and total scores ranging from 7 to 13 were classified as MCI \[[@B23-jcm-08-01937]\].

3. Analyses {#sec3-jcm-08-01937}
===========

According to results of the normalization test (Kolmogorov--Smirnov test), Age, Height, Weight, and BMI were used by the unpaired *t* test. Gender (% female), Hypertension (% Yes), Diabetes (% Yes), Weight loss (% Yes), Poor energy (% Yes), and Low physical activity level (% Yes) were analyzed by chi-squared test for 2 × 2 contingency, except for Pearson's chi-square test for Frail phenotype (%, robust/pre-frail/frail) for 2 × 3 contingency. Mann--Whitney test was applied for GS (kg), WS (m/s), Amount of medications (*n*), Education (years), GDS-15 (score), and cognitive measurements of NCGG-FAT and TDAS ([Table 1](#jcm-08-01937-t001){ref-type="table"}).

As the variables of WS, GS, subtests of NCGG-FAT, TDAS, and GDS-15 total score were not statistically normalized from the Kolmogorov--Smirnov test, Spearman correlation analysis for interval scales was applied to analyze the relationship among Age, GS, WS, subtests of NCGG-FAT, TDAS, and GDS total score for each group ([Table 2](#jcm-08-01937-t002){ref-type="table"}).

The values of *p*~in~ = 0.2 and *p*~out~ = 0.25 were set up to select independent variables from [Table 1](#jcm-08-01937-t001){ref-type="table"} and [Table 2](#jcm-08-01937-t002){ref-type="table"} for input into a binominal logistic regression model. The regression model was performed by a method of likelihood ratio, and set up the MCI classification as the dependent variable and predictors (i.e., independent variables) according to the following regression models; (i) 11 predictors of Model I include Age, GS, WS, Amount of medications, Education, WR, TMT-A, B, and SDST of NCGG-FAT, TDAS, and GDS-15 total score. (ii) Ten predictors of Model II except for TDAS score include Age, GS, WS, Amount of medications, Education, WR, TMT-A, B, and SDST of NCGG-FAT, and GDS-15 total score. Finally, (iii) six predictors of Model III except for all cognitive variables included Age, GS, WS, Amount of medications, Education, and GDS-15 total score. The model adaptation was examined by Hosmer--Lemeshow test ([Table 3](#jcm-08-01937-t003){ref-type="table"}). SPSS Version 26.0 for Windows (SPSS Inc., Chicago. IL, USA) was used for analysis, and the level of significance was set at *p* = 0.05.

4. Results {#sec4-jcm-08-01937}
==========

Our samples consisted of 103 older participants divided into 54 non-MCI people and 49 MCI people. We confirmed that the MCI group had significantly lower scores or longer required times of all cognitive items including WR test, TMT-A, B, SDST and TDAS scores than the non-MCI group (*p* \< 0.0001) ([Table 1](#jcm-08-01937-t001){ref-type="table"}). Demographic and health data including Age, Gender, BMI, presence of Hypertension or Diabetes, Frail phenotype, presence of Weight loss, Poor energy, Low physical activity level, Amount of medications, and Education showed no significant difference between the non-MCI group and MCI group. Of physical assessments, WS was significantly different between the groups (*p* = 0.03), whereas GS was not different (*p* = 0.25). Moreover, the MCI group showed a worse score of GDS (*p* = 0.046 \< 0.05). Next, we examined correlations between physical performance, cognitive and mental function in each group ([Table 2](#jcm-08-01937-t002){ref-type="table"}). According to the results of Spearman correlation analysis, WS was associated with some items of cognitive subtests including WR, TMT-A, B, and SDST in the non-MCI group (\|r\| \> 0.30, *p* \< 0.01), but these were not significant in the MCI group except for correlations between cognitive items and Age or Education. Finally, we performed an analysis to determine explanatory variables for MCI with reference to non-MCI by binomial logistic regression analysis ([Table 3](#jcm-08-01937-t003){ref-type="table"}). According to a result of Phi coefficient of association, all the nominal scales including Gender (Phi coefficient = 0.01, *p* = 0.89), presence of Hypertension (Phi coefficient = 0.02, *p* = 0.86) and Diabetes (Phi coefficient = 0.07, *p* = 0.46), Weight loss (Phi coefficient = 0.05, *p* = 0.63), Poor energy (Phi coefficient = 0.12, *p* = 0.22), Low physical activity level (Phi coefficient = 0.08, *p* = 0.45) were not significantly associated with MCI classification, and they were not included into predictors for the regression model. Three regression models were estimated according to the predictors of Age, GS, WS, Amount of medications, Education, WR, TMT-A, B, SDST, TDAS, and GDS-15 total score. Model I that included them demonstrated that the classification of MCI had a significant association with Age, TMT-B, SDST, and TDAS. Next, Model II except for T-DAS score from Model I was applied to estimate a specific cognitive profile in MCI. Model II demonstrated that the classification of MCI had a significant association with Age, WR, TMT A, B, and GDS-15 total score. Finally, considering the self-explanatory effect of cognitive items, Model III except for all cognitive variables from Model II was applied to clarify the classification of MCI. As shown in Model III, WS and GDS-15 total score were extracted as explanatory variables of MCI ([Table S1](#app1-jcm-08-01937){ref-type="app"}). In the three estimated models, the results of Hosmer--Lameshow test showed adaptability of 87.4% (*p* = 0.12) in Model I, 84.5% (*p* = 0.84) in Model II, and 59.2% (*p* = 0.02) in Model III.

5. Discussion {#sec5-jcm-08-01937}
=============

In this study, we found characteristics of MCI in northern Japanese community-dwellers of super-aging society had slower WS and tendency to depression. Aging continues in the subjects of our survey area, and the population ratio 65 years or older reached 38.7% (July, 2019). Actually, the prevalence of MCI in this study was higher (47.6%) compared with other rural areas which were previously reported to be about 10%--30% \[[@B29-jcm-08-01937],[@B33-jcm-08-01937]\]. Additionally, some wealthy urban areas different from our rural area showed that characteristics of MCI were greater with older age and less education than non-MCI \[[@B34-jcm-08-01937],[@B35-jcm-08-01937]\]. Although this high prevalence and multifactorial approach may be due to different methods, it could also be because our community-dwellers living in an area of heavy snowfall in northern Japan experience a more negative impact on gait performance \[[@B36-jcm-08-01937]\] and a potentially high incidence of depressive symptoms \[[@B37-jcm-08-01937]\] because of fewer opportunities to go out and participate in social activities. In fact, we showed an association between cognitive function and demographic and health data including age, gender, BMI, medical history, medication, frailty phenotype, education, physical performance, and GDS in older adults living in a super-aging society ([Table 1](#jcm-08-01937-t001){ref-type="table"}). We found that recognized risk factors for MCI including age, gender, BMI, presence of hypertension or diabetes, frailty phenotype, education, and amount of medications were not different, but WS and GDS were significantly different between the groups. We also found that WS was significantly associated with some cognitive items including SDST and TMT in the non-MCI group, but not in the MCI group ([Table 2](#jcm-08-01937-t002){ref-type="table"}). The regression models demonstrated that MCI had a significant association with age, executive function, information coping speed, and composite cognitive performance, indicating that these are predictive variables for the presence of MCI. However, because of the effect of variables on these cognitive scores (Model I), we applied Models II and III ([Table 3](#jcm-08-01937-t003){ref-type="table"}). Model II excluding composite cognitive performance, as indexed in the TDAS score, demonstrated that MCI had a significant association with age, WR, attention, executive function, and GDS. Compatible with the results of Reinvang et al. \[[@B38-jcm-08-01937]\], attention and executive dysfunction in neuropsychological tests could be early symptoms of MCI. Especially, the variables of SDST and TMT are recognized to reflect psychomotor processing and executive function \[[@B39-jcm-08-01937]\], and several studies have reported that they are rapidly altered in MCI subjects \[[@B40-jcm-08-01937],[@B41-jcm-08-01937]\]. Although they justify its use for the detection of cognitive impairment in older adults, most of these tests have numerous limitations (the problem of novelty, lack of sensitivity and specificity, patient cognitive reserve, etc.) \[[@B42-jcm-08-01937],[@B43-jcm-08-01937]\]. This recent observation underscores the need to find new detection indicators for cognitive impairment. With this in perspective, a new approach associates WS of older adults with the presence of cognitive impairment.

Interestingly, in Model III excluding all cognitive domains, WS and GDS were selected as explanatory variables although the percentage of correct classifications was not so good in the Hosmer--Lameshow test. These findings indicate that the variables WS and GDS can potentially distinguish the presence or absence of MCI; therefore, they provide suggestive information on the presence of MCI. Recently, some studies have focused on both cognition and locomotor performance as predictors of adverse outcomes in community-dwellers with MCI \[[@B44-jcm-08-01937],[@B45-jcm-08-01937]\]. In particular, slow gait speed at usual pace has been implicated in the onset of adverse outcomes, such as disability \[[@B46-jcm-08-01937]\], cognitive impairment \[[@B47-jcm-08-01937]\], institutionalization, falls \[[@B48-jcm-08-01937],[@B49-jcm-08-01937]\], and mortality \[[@B50-jcm-08-01937]\]. As previously reported, the association between slowing of walking and MCI is supported by shared neurological findings that include a smaller right hippocampus \[[@B51-jcm-08-01937]\]. This finding underscores walking--brain behavior relationships and the value of WS as an early indicator of dementia risk. However, thus far, there is insufficient information to state that WS can potentially predict adverse outcomes in older community-dwellers, and more specific investigations need to be performed. Moreover, we showed that GS was no different between the groups (*p* = 0.25), suggesting that reinforcement of lower, but not upper, limb muscular strength may be a critical target in rehabilitation. Likewise, recent studies have indicated that lower extremity motor dysfunction may be a feature of MCI \[[@B52-jcm-08-01937]\], but little is known about the nature and biological mechanism such as myokines of lower extremity motor dysfunction associated with MCI. Regarding WS and a cognitive function, the concept of frailty has become a geriatric topic recently. Although we could not include frailty as global score in the correlation analysis or binomial regression analysis because the distribution of a frail group according to the frailty phenotype was greatly biased (e.g., % of robust/pre-frail/frail, 50%/50%/0% in the non-MCI group, 43%/47%/10% in the MCI group) ([Table 1](#jcm-08-01937-t001){ref-type="table"}), some studies have reported that a physical frailty is associated with MCI and a reduction of WS in five items of the Fried index mostly reflect the occurrence of MCI and disability \[[@B31-jcm-08-01937],[@B53-jcm-08-01937]\]. MCI with concomitant physical frailty may be considered to fulfil the criteria for cognitive frailty \[[@B54-jcm-08-01937]\]. In this regard, we believe that the cognitive frailty concept has potential advantages in better stratifying the risk profiles of older adults with MCI. In a comparison between the groups, MCI also showed significantly higher depressive scores as indexed in the GDS. Concerning geriatric depression in MCI, cross-sectional research has shown that the association between depressive symptoms, as indexed in the Korean version of GDS, and memory or executive function was significantly greater in individuals with MCI than in those with AD \[[@B55-jcm-08-01937]\]. Additionally, survival analysis followed for 6.28 years on average, indicating that the presence of MCI is a poor predictive factor in individuals with depressive symptoms as indexed in the GDS \[[@B56-jcm-08-01937]\]. Thus, geriatric depressive symptoms in individuals with MCI need to be carefully screened in rural community-dwellers.

The limitations of our research need to be considered in developing our future research. First, the NCGG-FAT and TDAS used to classify individuals with MCI in this study were a tablet PC version of cognitive measurement tools based on the MCI criteria reported by Petersen \[[@B2-jcm-08-01937]\], and evaluation of the accuracy of MCI's classification is essential for worldwide research. Second, our cohort was comprised of a localized group of individuals in one rural area of northern Japan, whose actual sample size (*n* = 103) did not reach the calculated required sample size (*n* = 128) due to difficulty sampling and recruiting in a depopulated, small rural area. Third, considering younger age was associated with MCI, we could not take the association into consideration. Fourth, although focusing this study on frailty concept was important, we guessed it was difficult to analyze frail status in detail due to bias of frail samples between the groups (e.g., 0% of the non-MCI group, 10% of the MCI group). Further examination concerning frailty is warranted in future research. Finally, we hypothesize that cognitive domains, gait performance, and tendency to depression might be associated with MCI status. For the three regression models in this study, WS and GDS were selected as explanatory variables in Model III. However, further research with sufficient adaptability should be carried out with a large sample size in multiple rural districts. These limitations need to be considered when interpreting this study's findings.

6. Conclusions {#sec6-jcm-08-01937}
==============

In conclusion, WS and GDS were shown to be potential predictive variables of MCI in our study, and we consider they provide important information about characteristics of MCI in rural community-dwellers. It is suggested that older individuals living in a super-aging society should work on training lower limb muscular strength, and avoiding depression in older adults by interaction of community-dwellers may contribute to prevention of the onset of MCI.
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jcm-08-01937-t001_Table 1

###### 

Characteristics of participants with and without mild cognitive impairment (MCI).

  Variables                                     Non-MCI Group   MCI Group   *p* Value                               
  --------------------------------------------- --------------- ----------- ------------- --------- --------------- --------
  Age (years)                                   74.1            6.1         74.4          5.7       0.84            
  Gender (% female)                             53.7%                       55.1%                   0.89            
  Height (cm)                                   155.0           8.2         156.0         8.5       0.53            
  Weight (kg)                                   57.9            11.4        60.0          10.1      0.34            
  Body Mass Index (kg/m^2^)                     24.0            3.7         24.6          3.5       0.41            
                                                \%                          \%                      ***p* Value**   
  Hypertension (% Yes)                          63.0%                       61.2%                   0.86            
  Diabetes (% Yes)                              20.4%                       26.5%                   0.46            
  **Frail five components**                                                                                         
  Frail phenotype (%, robust/pre-frail/frail)   50%/50%/0%                  43%/47%/10%             0.054           
  \(i\) Weight loss (% Yes)                     11.1%                       14.3%                   0.63            
  \(ii\) Poor energy (% Yes)                    16.7%                       26.5%                   0.22            
  \(iii\) Low physical activity level (% Yes)   13.0%                       18.4%                   0.45            
                                                **Median**      **IQR**     **Median**    **IQR**   ***p* Value**   
  \(iv\) Grip strength (kg)                     25.2            12.0        22.9          9.0       0.25            
  \(v\) Walking speed (m/s)                     1.3             0.4         1.2           0.3       0.03            \*
  Amount of medications (*n*)                   3.0             3.0         4.0           4.0       0.17            
  Education (years)                             12.0            3.0         12.0          3.0       0.18            
  GDS-15 total score (score)                    2.0             2.0         3.0           4.0       0.046           \*
  **NCGG-FAT**                                                                                                      
  Word recognition (score)                      11.7            3.8         8.0           4.2       0.000           \*\*\*
  Tablet version of TMT-A (s)                   19.0            6.0         27.0          11.0      0.000           \*\*\*
  Tablet version of TMT-B (s)                   33.5            18.0        46.0          44.5      0.000           \*\*\*
  Tablet version of SDST (score)                42.0            12.0        33.0          12.5      0.000           \*\*\*
  **TDAS**                                                                                                          
  TDAS total score (score)                      2.0             3.0         7.0           9.0       0.000           \*\*\*

\* *p* \< 0.05, \*\* *p* \< 0.01, \*\*\* *p* \< 0.001, Mann--Whitney test was applied for Education (years), Amount of medications (*n*), GDS-15 total score (score), Grip strength (kg), Walking speed (m/s), and cognitive measurements of NCGG-FAT and TDAS. Age, height, weight, and BMI were analyzed by unpaired *t* test, and gender (% female), hypertension (% Yes), diabetes (% Yes), weight loss (% Yes), poor energy (% Yes), and low physical activity level (% Yes) were analyzed by chi-squared test, except for Pearson's chi-square test for frail phenotype (%, robust/pre-frail/frail). SD, standard deviation; IQR, interquartile range; Loss weight, Loss weight more than 3 kg in six months; TMT-A, Trail Making Test A version; TMT-B, Trail Making Test B version; SDST, Symbol Digit Substitution Task; TDAS, Touch Panel-type Dementia Assessment Scale; GDS-15, Geriatric Depression Scale.
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###### 

Correlations for each group (non-MCI and MCI).

  Variables           Non-MCI Group (*n* = 54)           MCI Group (*n* = 49)                                                                                                                       
  ------------------- -------------------------- ------- ---------------------- ------------ ------------ ------------ --------- ---------- ------- ---------- ----------- ----------- ------------ ------------
  Age (years)         −0.37 \*\*                 −0.21   −0.51 \*\*             0.55 \*\*    0.66 \*\*    −0.66 \*\*   0.05      −0.37 \*   −0.04   −0.33 \*   0.43 \*\*   0.49 \*\*   −0.47 \*\*   0.25
  BMI (kg/m^2^)       0.08                       0.24    0.18                   0.05         0.05         0.02         0.00      −0.19      0.08    0.19       0.01        −0.01       0.03         −0.04
  Education (years)   0.19                       −0.01   0.03                   −0.36 \*\*   −0.35 \*\*   0.15         −0.13     −0.02      0.28    0.09       −0.13       −0.10       0.29         −0.45 \*\*
  Medications (*n*)   0.06                       −0.22   −0.11                  −0.02        0.22         0.01         −0.16     −0.24      0.25    0.04       −0.03       0.07        −0.07        0.06
  WS (m/s)            1.00                       0.26    0.42 \*\*              −0.31 \*\*   −0.35 \*\*   0.44 \*\*    −0.05     1.00       −0.08   −0.08      −0.18       −0.07       0.12         −0.06
  GS (kg)             0.26                       1.00    0.18                   −0.09        −0.02        0.22         0.31 \*   −0.08      1.00    0.06       0.16        −0.12       0.16         −0.11
  GDS-15 (score)      0.16                       0.01    0.03                   0.00         −0.01        −0.04        0.00      0.03       −0.16   0.12       −0.13       −0.28       0.12         −0.14

\* *p* \< 0.05, \*\* *p* \< 0.01, Statistics represent Spearman *r* correlations for each parameter. BMI, body mass index; WS, walking speed; GS, grip strength; WR, word recognition; TMT-A, Trail Making Test A version; TMT-B, Trail Making Test B version; SDST, Symbol Digit Substitution Task; TDAS, Touch Panel-type Dementia Assessment Scale; GDS-15, Geriatric Depression Scale-15.
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###### 

Multiple comparison among binomial logistic regression models depending on MCI classification with odds ratio.

  Model                        Coefficient (β)   Odds Ratio   95% CI       *p* Value
  ---------------------------- ----------------- ------------ ------------ -----------
  **Model I**                                                              
  Age (years)                  −0.27             0.77         0.66, 0.89   0.000
  TMT-B (s)                    0.08              1.09         1.04, 1.14   0.001
  SDST (score)                 −0.12             0.88         0.80, 0.97   0.012
  TDAS total score (score)     0.65              1.91         1.37, 2.68   0.000
  **Model II**                                                             
  Age (years)                  −0.26             0.77         0.67, 0.88   0.000
  WR (score)                   −0.55             0.58         0.44, 0.76   0.000
  TMT-A (s)                    0.17              1.19         1.07, 1.33   0.001
  TMT-B (s)                    0.05              1.05         1.01, 1.10   0.025
  GDS-15 total score (score)   0.32              1.37         1.07, 1.77   0.014
  **Model III**                                                            
  Walking speed (m/s)          −2.29             0.10         0.02, 0.69   0.020
  GDS-15 total score (score)   0.20              1.22         1.04, 1.43   0.015

Reference group for analysis was non-MCI group. Model I: Model χ^2^ test, *p* \< 0.0001; The Hosmer--Lemeshow test, *p* = 0.12; Percentage of correct classifications = 87.4%. Model II: Model χ^2^ test, *p* \< 0.0001; The Hosmer--Lemeshow test, *p* = 0.84; Percentage of correct classifications = 84.5%. Model III: Model χ^2^ test, *p* = 0.002; The Hosmer--Lemeshow test, *p* = 0.02; Percentage of correct classifications = 59.2%. CI, confidence interval; WR, word recognition; TMT-A, Trail Making Test A version; TMT-B, Trail Making Test B version; SDST, Symbol Digit Substitution Task; TDAS, Touch Panel-type Dementia Assessment Scale; GDS, Geriatric Depression Scale-15.
